The antiaging effect of Inula britannica flower total flavonoids (IBFTF) on aging mice induced by D-galactose and its mechanism was examined in this study. From the results, the biochemical indexes and histological analysis of skin tissues showed that IBFTF could effectively improve the antioxidant enzyme activity of the aging mice, enhance the activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) of skin tissue, and decrease the malondialdehyde (MDA) content. Besides, IBFTF could maintain the skin collagen, hydroxyproline (Hyp), dermal thickness, and moisture content. Meanwhile, IBFTF could significantly reduce the number of cells arrested in G0/G1 phase, and from the point of view of protein and mRNA expression level in skin tissue, IBFTF could significantly increase the expression of Sirt1 and CyclinD1 but decrease the expression of p16 and p21, and its effect was not less than that of the well-known vitamin E (VE). Overall, these results seem to be implying that IBFTF is a potential natural anti-skin aging agent with great antioxidant ability.
Introduction
From the biological viewpoint, aging is an inevitable spontaneous process and complex natural phenomenon [1] . In the aging process, the skin changes were most easily observed, which mainly performs as follows: gloomy skin, relaxation, moisture reduction, thinning, and so on. There are many factors that cause aging, including telomere shortening, oncogene activation, and DNA damage caused by reactive oxygen species (ROS), among which the most critical factor is the imbalance of oxygen free radical metabolism [2] . Free radical theory holds that because of the imbalance of free radical metabolism, the structure and function of tissues and organs are in disorder, which causes the body aging [3] . There are two signaling pathways associated with aging, p53-p21-Rb pathway and p16-pRb pathway [4] .
An aging mouse model induced by D-galactose has been recognized by domestic and international researchers and widely used in the field of antiaging medicine research [5] . The aging degree of the model was close to 16-24 months of mouse, and all these changes were consistent with natural aging [6] .
Because of its low toxicity, high efficiency, and low cost, more and more people prefer to choose pure natural plant agents to delay aging. Inula britannica flower has many biological activities such as antioxidant [7, 8] , antidiabetes [9] , immune regulation [10] , antihepatitis [7] , and antitumor [11] , and its antioxidant activity is related with flavonoids [12] . Wang et al. [13] established a neuronal cell oxidative stress model and confirmed that icariin (components of traditional Chinese medicine) could decrease oxidative stress produced by ROS through upregulating the expression of antioxidant enzyme dependent on SIRT1. However, it is not clear whether the IBFTF is related to p21, p16, and Sirt1 or not.
To test our hypothesis, we extracted IBFTF, used in skin aging model induced by D-gal; then we observed the skin aging changes and explored the possible mechanism, which will lay the foundations for the development and application of IBFTF in delaying skin aging. 
Reagents.
All the chemicals and reagents were of analytical grade. D-galactose was purchased from Sigma-Aldrich (St Louis, USA). Commercial kits used for determination of SOD, MDA, GSH-Px, CAT, Hyp, and protein concentration were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Sirt1 and p16 antibodies were purchased from proteintech (Wuhan, China). P21 and CyclinD1 antibodies were purchased from Wanleibio (Shenyang, China). Trizol reagent, reverse transcription kit, and fluorescence quantitative reaction kit were purchased from TaKaRa (Dalian, China). [6, 7, [14] [15] [16] [17] . Kunming mice (SPF grade, male, 20 ± 2 g) was purchased from the Experimental Animal Center of Chongqing Medical University and the study was approved by the Ethics Committee of Chongqing Medical University. The mice were randomly divided into 6 groups (10 mice in each group). Except the control group subcutaneously injected with 0.3 mL saline, the other groups were injected with the same volume of D-galactose (500 mg/kg), once daily for 8 week. Followed by treatment with 0.5 mL 100, 200, or 400 mg/kg IBFTF or a positive control (100 mg/kg vitamin E) via intragastric administration once daily for 6 weeks from the third week. Control group and model group were orally given equal volume of saline once daily for 6 weeks. After 8 weeks, the mice were sacrificed following a 24-hour fasting period. The mice were sacrificed after 4% chloral hydrate anesthesia and high concentration of carbon dioxide, and then blood was collected and centrifuged under 4 ∘ C, 2000 r/min for 15 min. Blood serum was obtained and preserved at −20 ∘ C for standby. All the skin samples were taken from the injection site of the mice at the midline of the dorsum. Skin tissue was immediately collected and divided into two parts, one part was stored at −80 ∘ C, and the other part was fixed in 4% polyformaldehyde until further use. [7] . The Inula britannica flower was boiled in water at 100 ∘ C for 1 h, and the extract was obtained by filtration. The total flavonoid extracts were purified using AB-8 resin under the following conditions: the extracted sample concentration was 20 mg/mL and washing was performed with 70% ethanol at a flow velocity of 2 mL/min. [7] . The extracts (1 mL) were mixed with 1 mL 5% NaNO 2 . After standing for 6 min, 1 mL 10% AlNO 3 and 10 mL 4% NaOH were added to the mixture. The mixture was adjusted to 25 mL by adding 50% ethanol and allowed to rest for 15 min. Absorbance was measured at 510 nm. Rutin was used as a reference standard and the total flavonoids content was expressed relative to rutin. The result revealed that IBFTF content of Inula britannica flower was 82.6%. ∘ C for 30 min in the dark. The cell cycle distribution was determined using a flow cytometer and the data were analyzed with Multicycle software.
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RT-PCR Analysis.
Total RNAs from skin tissues were isolated using Trizol reagent followed by TaKaRa Biotechnology (Dalian, China). cDNA was synthesized as recommended by TaKaRa Biotechnology (Dalian, China). The design and synthesis of specific primers of Sirt1, p16, p21, and CyclinD1 were completed by TaKaRa (Dalian, China). qRT-PCR was performed with the CFX966 real-time system (Bio-Rad, USA) using SYBR Premix Ex Taq6II (TaKaRa, Dalian, China). -actin was internal reference. The sequences of the amplification primers were listed in Table 1 . PCR conditions were as follows: 35 cycles of denaturation at 94 ∘ C for 30 sec, annealing at 57 ∘ C for 30 sec, and elongation at 72 ∘ C for 60 sec.
Western Blot Analysis.
The skin tissue was cut into pieces and then ground in liquid nitrogen. Total protein from skin tissue was extracted with RIPA Lysis Buffer as described. The protein concentration was determined using the BCA Protein Assay Kit. -actin served as a loading control. The protein bands were visualized using an Fusion software.
Statistical Analysis.
Data were expressed as means ± SD. Statistical analysis was performed by one-way analysis of variance (ANOVA) using SPSS19.0 software. A value of < 0.05 was considered to be statistically significant. 
Results
Effect of IBFTF on Antioxidant Enzyme Activity in Aging
Mice. In the model group, the activity of SOD in skin homogenate was lower than that in control group ( < 0.01), and the aging model was proved to build as expected successfully. The activity of SOD in the Vit E group and IBFTF groups was significantly higher than that in the model group ( < 0.01, resp.) but lower than that in the control group ( < 0.01); the SOD activity in the skin homogenate of low and medium dose of IBFTF group was lower than that in Vit E group ( < 0.05), while the difference between high dose IBFTF group and Vit E group was not statistically significant (Table 2 ). In the model group, the content of MDA in skin homogenate was higher than that in control group ( < 0.01). The content of MDA in the Vit E group and IBFTF groups was significantly lower than that in the model group ( < 0.01) but higher than that in the control group ( < 0.01 or < 0.05); the MDA content in the skin homogenate of low and medium dose of IBFTF group was higher than that in Vit E group ( < 0.05), while that in the high dose IBFTF group was lower than that in the Vit E group; the difference was not statistically significant (Table 2 ).
In the model group, the activity of CAT in skin homogenate was higher than that in control group ( < 0.01). The activity of CAT in the Vit E group and IBFTF groups was significantly lower than that in the model group ( < 0.01, resp.) but higher than that in the control group ( < 0.01, resp.). The CAT activity in the skin homogenate of low and medium dose of IBFTF group was lower than that in Vit E group ( < 0.05), while that in the high dose IBFTF group was higher than that in the Vit E group; the difference was not statistically significant (Table 2 ).
In the model group, the activity of GSH-Px in skin homogenate was higher than that in control group ( < 0.01). The activity of GSH-Px in the Vit E group and IBFTF groups was significantly lower than that in the model group ( < 0.01, resp.) but higher than that in the control group ( < 0.01, resp.); the GSH-Px activity in the skin homogenate of low and medium dose of IBFTF group was lower than that in Vit E group ( < 0.05), while that in the high dose IBFTF group was higher than that in the Vit E group; the difference was not statistically significant (Table 2) .
Effect of IBFTF on Physical Properties of Skin Aging
Induced D-Gal. The skin moisture content in the model group was lower than that in the control group, and the difference was statistically significant ( < 0.01). The skin moisture content in the Vit E group and IBFTF groups was significantly higher than that in model group ( < 0.01, resp.) but lower than that in control group ( < 0.01, resp.). The skin moisture content in low dose and medium dose IBFTF group was significantly lower than that in Vit E group ( < 0.01), and the skin moisture content of high dose IBFTF group was higher than that in Vit E group, and the difference was not statistically significant (Figure 1(a) ).
The skin Hyp content in the model group was lower than that in the control group, and the difference was statistically significant ( < 0.01). The skin Hyp content in the Vit E group and IBFTF groups was significantly higher than that in model group ( < 0.01, resp.) but lower than that in control group ( < 0.01, resp.). The skin Hyp content in low dose and medium dose IBFTF group was significantly lower than that in Vit E group ( < 0.05), while the skin Hyp content of high dose IBFTF group was higher than that in Vit E group ( < 0.05), and low, medium, and high dose IBFTF Evidence-Based Complementary and Alternative Medicine 5 groups increased the Hyp content of the model group in a dose dependent manner (Figure 1(b) ).
The dermal thickness in the model group was lower than that in the control group, and the difference was statistically significant ( < 0.01). The dermal thickness in the Vit E group and IBFTF groups was significantly higher than that in model group ( < 0.01, resp.) but lower than that in control group ( < 0.01, resp.). The dermal thickness in low dose and medium dose IBFTF group was significantly lower than that in Vit E group ( < 0.01), while the dermal thickness of high dose IBFTF group was higher than that in Vit E group ( < 0.05) (Figures 1(c) and 1(d) ).
The skin collagen fiber content in the model group was lower than that in the control group ( < 0.01). The skin collagen fiber content in the Vit E group and IBFTF groups was significantly higher than that in model group ( < 0.01, resp.) but lower than that in control group ( < 0.01, resp.). The skin collagen fiber content in low dose and medium dose IBFTF group was significantly lower than that in Vit E group ( < 0.01), while the skin collagen fiber content of high dose IBFTF group was higher than that in Vit E group ( < 0.05) (Figures 1(e) and 1(f) ).
Effect of IBFTF on Cell
Cycle. Cell cycle distribution was detected by flow cytometry, and cells were labeled with PI and annexin V. The number of cells arrested in G0/G1 phase in the model group was significantly lower than that in the control group, and the difference was statistically significant ( < 0.01). The number of cells arrested in G0/G1 phase in the Vit E group and IBFTF groups was significantly lower than that in the model group ( < 0.01, resp.) but significantly higher than that in the control group ( < 0.01). The number of cells arrested in G0/G1 phase of low and medium dose of IBFTF group was significantly higher than that in Vit E group ( < 0.01), while the number of cells in high dose group was lower than that in Vit E group ( < 0.05). Low, medium, and high dose IBFTF reduced the number of cells arrested in G0/G1 phase of the model group in a dose dependent manner (Figures 2(a) and 2(b) ).
Effect of IBFTF on mRNA Expression of Sirt1, p16, p21, and CyclinD1
Target Genes. In the model group, the mRNA expression of Sirt1 in the skin was lower than that in the control group ( < 0.01), and mRNA expression of Sirt1 of the Vit E and IBFTF groups was significantly higher than that in the model group ( < 0.01, resp.) but lower than that in the control group ( < 0.01, resp.); mRNA expression of Sirt1 in skin tissues of low and medium dose IBFTF group was lower than that in Vit E group ( < 0.01, resp.); mRNA expression of Sirt1 in high dose IBFTF group was higher than that in Vit E group ( < 0.05). Low, medium, and high dose IBFTF increased the mRNA expression of Sirt1 in the skin tissue of the model group in a dose dependent manner (Figure 2(e) ).
In the model group, mRNA expression of p16 in the skin was lower than that in the control group ( < 0.01); mRNA expression of p16 of the Vit E group and IBFTF groups was significantly lower than that in the model group ( < 0.01, resp.) but higher than that in the control group ( < 0.01, resp.); mRNA expression of p16 in skin tissues of low and medium dose IBFTF group was higher than that in Vit E group ( < 0.05); mRNA expression of p16 in high dose IBFTF group was lower than that in Vit E group; the difference was not statistically significant (Figure 2(e) ).
In the model group, mRNA expression of p21 in the skin was lower than that in the control group ( < 0.01). mRNA expression of p21 of the Vit E and IBFTF groups was significantly lower than that in the model group ( < 0.01, resp.) but higher than that in the control group ( < 0.01, resp.); mRNA expression of p21 in skin tissues of low and medium dose IBFTF group was higher than that in Vit E group, and the difference between the low dose IBFTF group and Vit E group was statistically significant ( < 0.01). The mRNA expression of p21 in high dose IBFTF group was lower than that in Vit E group; the difference was not statistically significant (Figure 2(e) ).
In the model group, the mRNA expression of CyclinD1 in the skin was lower than that in the control group ( < 0.01). The mRNA expression of CyclinD1 of the Vit E group and IBFTF groups was significantly higher than that in the model group ( < 0.01, resp.) but lower than that in the control group ( < 0.01, resp.). The mRNA expression of CyclinD1 in skin tissues of low and medium dose IBFTF group was lower than that in Vit E group, and the difference between the low dose IBFTF and Vit E group was statistically significant ( < 0.01). The mRNA expression of CyclinD1 in high dose IBFTF group was higher than that in Vit E group (Figure 2(e) ).
Effect of IBFTF on Protein Expression of p16, Sirt1, CyclinD1, and p21. By detecting the expression of some key proteins (p16
INK4a and P21 Cip1 ) in the senescence-associated signaling pathway, the protein expression of Sirt1 in skin tissue of the model group was lower than that in the control group ( < 0.01). The protein expression of Sirt1 in the skin tissues of Vit E group and IBFTF groups was significantly higher than that in the model group ( < 0.01, resp.) but significantly lower than that in the control group ( < 0.01, resp.). The protein expression of Sirt1 in skin tissues of low and medium dose IBFTF group was lower than that in Vit E group, and the difference between the low IBFTF and Vit E group was statistically significant ( < 0.05). The protein expression of Sirt1 in high dose IBFTF group was higher than that in Vit E group ( < 0.05) (Figures 2(c) and 2(d) ).
The protein expression of p16 in skin tissue of the model group was higher than that of control group, and the difference was statistically significant ( < 0.01). The protein expression of p16 in the skin tissues of Vit E group and IBFTF groups was significantly lower than that in the model group ( < 0.01, resp.). The protein expression of p16 in skin tissues of low and medium dose IBFTF group was higher than that in control group ( < 0.01). The protein expression of p16 in high dose IBFTF group was higher than that in control group, but there was no significant difference. The protein expression of p16 in skin tissues of low and medium dose IBFTF group was higher than that in Vit E group ( < 0.01), while the protein expression of p16 in high dose IBFTF group was lower than that in Vit E group, and the difference was not statistically significant (Figures 2(c) and 2(d) ). The protein expression of p21 in skin tissue of the model group was higher than that of control group ( < 0.01). The protein expression of p21 in the skin tissues of Vit E group and IBFTF groups was significantly lower than that in the model group, and the difference among the medium dose, high dose IBFTF and Vit E group was statistically significant ( < 0.05, resp.). The protein expression of p21 in skin tissues of low dose, medium dose IBFTF and Vit E group was higher than that in control group ( < 0.01, resp.). The protein expression of p21 in high dose IBFTF group was higher than that in control group, but there was no significant difference. The protein expression of p21 in skin tissues of low and medium dose IBFTF group was higher than that in Vit E group ( < 0.01), while the protein expression of p21 in high dose IBFTF group was lower than that in Vit E group ( < 0.05) (Figures  2(c) and 2(d) ).
The protein expression of CyclinD1 in skin tissue of the model group was lower than that of control group, and there was a significant difference ( < 0.01). The protein expression of CyclinD1 in the skin tissues of Vit E group and IBFTF groups was significantly higher than that in the model group ( < 0.05, resp.) but significantly lower than that in the control group ( < 0.01, resp.). The protein expression of CyclinD1 in skin tissues of low and medium dose IBFTF group was lower than that in Vit E group, and the difference between low dose IBFTF and Vit E group was statistically significant ( < 0.05). The protein expression of CyclinD1 in high dose IBFTF group was higher than that in Vit E group, but there was no significant difference (Figures 2(c) and 2(d) ).
Discussion
With the increase of age, the activity of antioxidative enzymes decreased in vivo, such as SOD, CAT, and GSH-Px, and the ability of scavenging free radicals decreased, leading to free radical chain reaction and eventually causing lipid peroxidation end-product of malondialdehyde (MDA) increased [18] . Compared with the model group, the antioxidant activity of Vit E and IBFTF groups was significantly improved, and MDA was significantly decreased in a dose dependent manner, but there was no significant difference between Vit E and the high dose IBFTF group. It indicates that IBFTF may delay senescence by upregulating the expression of the antioxidant enzymes relying on Sirt1 in a dose dependent manner.
Skin can keep smooth and delicate mainly depending on the content of dermal collagen. The skin Hyp content rich or not can directly reflect the change of collagen fiber content, so as to reflect the degree of skin aging [19] . In addition, moisture content of the skin plays an important role in maintaining normal function of the skin [20] . In our experiment, the content of collagen fibers, Hyp, and moisture in the skin tissue of the model group were significantly lower than those in the control group and IBFTF groups. This indicates that IBFTF can delay skin aging by improving the content of collagen fibers, Hyp, and moisture content in the model group.
The mechanism of delaying skin aging by traditional Chinese medicine has focused on scavenging free radical and antioxidant activity. Studies have shown that P16 is the key link in the genetic control of cellular senescence program.
The main function of P16 is to inhibit the phosphorylation of CyclinD-CDK4/6-RB specifically, so that the cell growth was arrested in the G1 phase, which leads to the phenomenon of aging [21] . P21 is a broad spectrum of cell cycle protein and an inhibitor depending on cell cycle protein kinase (CDK), which is involved in cell growth, differentiation, aging, and apoptosis by regulating cell cycle progression [22] . CyclinD1 is an important positive regulatory molecule in G1/S phase, which has an important effect on cell proliferation [23] . The upregulation of P21 and P16 levels can inhibit the activity of CyclinD1, so that the cell can not enter S phase, eventually leading to cell cycle arrest [24] . No matter what kind of factors causing aging, it will eventually be settled on the regulation of cell cycle. SIRT1 is highly conserved NAD + -dependent protein deacetylases, plays its function of gene regulation through interactions with the key protein of signaling pathways, and involves cell senescence and apoptosis and oxidative stress reaction process [4] . Yuan et al. [4] explored the effect and mechanism of Sirt1 in the mesenchymal stem cells by intervening the expression of Sirt1. The results showed that the upregulation of P16 was followed by the expression of cell senescence of MSCs in bone marrow induced by the downregulation of SIRT1, while the change of P21 was not obvious; the expression of cell senescence of fat-derived MSCs after downregulation of SIRT1 will be accompanied by the upregulation of P16 and P21. This result suggests that the aging mechanism of MSCs is not the same in different tissues. The experimental results showed that cells in the model group were arrested in G0/G1 phase obviously compared with control group, while the percentage of G0/G1 in IBFTF groups was significantly lower than that in the model group. From the results of western blot and qRT-PCR, compared with model group, we found that the expression of CyclinD1 and Sirt1 in the skin tissues of the IBFTF groups significantly increased, while the expression of p21 and p16 decreased. The above results suggested that IBFTF may delay the aging process of skin via affecting the expression level of Sirt1 to indirectly regulate p16
INK4a and P53-P21 Cip1 pathways. All these data indicated that antiaging effect of IBFTF in aging mice may be dependent on the regulation of Sirt1.
Conclusions
In summary, the results indicate that antiaging effect of IBFTF in aging mice depended on the regulation of Sirt1 gene in a dose dependent manner.
